Computer-aided design (CAD) system conventionally have been widely used to support designers for creating, modifying, adding something to or removing something from objects by showing simulated objects on computer screen. These virtual, non-physical, objects have been, however, known as imperfect imitation of reality. The impression of shape is highly related to the second order derivative of geometric feature of the shape. Conventional CAD systems, including AutoCAD, usually have visualization feature of the first derivative (normal) and the second derivative (curvature) of given surfaces. There, however, still have been problems in curvature visualization on the screen. First, it lacks true feeling of physical objects. Second, even if designers were given a physical mock-up object in hand, they wouldn't precisely recognize minute change of curvatures -few designers can sense small differences of curvature and most others need a special device to check the curvature. For solving these problem, the authors propose a novel curvature visualization system based on mixed reality technology. The color mapping according to the Gaussian curvature calculated via a time-of-flight camera provides the observers with intuitively understanding the object's curvature information.
INTRODUCTION
Many industrial products nowadays are designed using threedimensional computer-aided design (CAD) systems. The 3-D CAD systems have advantages in easy building virtual objects on computers, however, also have some weak points: they are lacking reality of physical objects. This is the reason why designers stick to physical modeling at final stage of industrial design.
The industrial design of the present days is a hybrid process. Designers create a virtual object on a CAD first, then instantiate the object using 3-D printer or by hand-crafting, which is then slightly modified by the designers and 3-D scanned. And then the designers operate the CAD over for another tweak.
This hybrid process seems quite inefficient. Considerable numbers of researches have been done to overcome this difficulty. Some researchers have been focusing on displaying system for better reality. Other researchers have been focusing on deformable or pseudodeformable physical objects for better creativity. * e-mail: goshiro@is. This paper presents a visualization which is superimposed onto the target surfaces using projector in real time, as shown in Fig.  1 . The visualization on the target object provides the users with intuitively understanding the object surface information and with real-world interaction environment. Additionally, the reflected light on the target surface can be shared with the all observers around it.
The authors will go other extreme -projecting physical information onto the physical surface. The physical information (i.e. shape) is something hard to see for non-experts, though it is counter intuitive. Many industrial designers (including car designers) have used special lighting equipment called highlight checkers for indirectly knowing curvatures of the surface conventionally.
RELATED WORK
Wilson et al.
demonstrated putting digital images on/above/between physical surfaces by combining multiple depth cameras and projectors [4] . Wilson's LightSpace system has cameras and projectors calibrated to 3D real world coordinates for projection of graphics correctly onto virtually any surface. Wilson showed an extended graphical user interface in physical world as an application of the projection system.
Piper et al. proposed a tangible interface for landscape analysis with laser scanner and projector [3] . This system was used to continuously scan the target clay surface while a projector displayed geometric information on the surface. In this paper, this technology is applied to supporting system for the industrial design. The projector camera system controlling the virtual shape of the real objects known geometric information was developed by Hisada et al [1] . This paper shows that the proposed system has possibility to control 3-D textures according to the position of the target. Raskar et al. also demonstrated interaction with digital world in the physical world by using spatially augmented reality [2] . 
PROJECTOR AND TOF CAMERA SYSTEM
This section shows the system configuration and process flow of a visualization approach which superimposes the geometric information onto a physical surface. The proposal system consists of a time-of-flight (TOF) camera, a laser projector, and a computer for image processing.
The process is divided to three steps after acquiring distance image. The first step is calculating the visual texture using distant information of captured image. In general, curvature on 2-D surface has a maximum value κ 1 and a minimum value κ 2 . The Gaussian curvature K can be calculated by K = κ 1 κ 2 . A distance image can be considered as one curved surface because values f (x, y) of pixels (x, y) is height information. Then, we can calculate the Gaussian curvature using derivation values. For instance, the differentiation values of the direction of x is expressed as f x .
The Gaussian curvature contains the second derivative of the surface, that means it is very sensitive to the noise of the scanned data. To avoid unnecessary noises the authors applied LPF for each steps of calculations.
Second, the calculated distance information is geometrically registered to the target object. There is a geometric registration method under the condition that the projector and TOF camera are arbitrarily placed. Assuming that a point P(X,Y, Z) in a world coordinate system is projected onto a point p(x, y) on 2D image plane. The relationship between these points can be describes by perspective equation with the 3 × 4 projection matrix C,
where h is a scale factor. In each device, the projection matrix C can be solved using least-squares method with six and more correspondences between the 3-D and 2-D coordinate systems. Finally, the system superimposes the calculated curvature information onto the target surface via projector. The user's interaction with the target object is intuitive because above processes is carried out in real time.
EXPERIMENTS
This section describes the performance of the experimental system as shown in Fig. 2 . A 3-D TOF camera (SwissRanger SR4000), a laser projector (L1 Laser Pico Projector), and a computer are used in the system. The SR4000 has 176x144[pix] resolution and 10.0[mm] accuracy of depth measurement. Figure 3 shows a physical object that is used for the experiment and projection onto the physical object. The system interacted with the physical object at video rate (60Hz). Users could move and/or deform the object without losing video rate response. The experimental result (video) is at http://vimeo.com/28967641 .
DISCUSSION
The resulting images of the Gaussian curvature have considerable noise, since the curvature computation requires a second derivative which is sensitive to small changes in the values. A low-pass filter will be effective for reducing the second-derivative noises, however, it is the matter of balance for the users. Noise reduction is mandatory to improve visibility because flicker is caused by these noises. It is not practicable yet when detailed-oriented work is necessary because these noises are factors that greatly influence the accuracy of the curvature calculation.
Some advantages were confirmed though there was a resolution problem. This interface provides the reality to the user and is a WYSIWYG interface because it enables the user to see "virtual object" directly on a real object without using any monitor. In addition to the geometric consistency, users can treat the object intuitively by projecting the image based on the curvature of the formation change on a real time basis. The user of this system can act on the object directly without looking at other locations. Furthermore, multiple observers can see the visualization of the target surfaces at the same time from each location. By using TOF camera, the visualization according to each scene is generated without calculating object position preliminarily.
Interface design is essential to support design process. Current CAD systems have numbers of functions and yield compounds of menus, buttons, or other graphical user interface (GUI) widgets. If designers operated on a computer screen, GUIs might be acceptable since GUIs maximized design productivities so far. However, a new, non-GUI, more intuitive, easy-to-use, yet powerful user interface is needed for designers. The authors are developing a new intuitive interface that sense the user's motion of hands or fingers. It has been considered for enhancement of natural input methods. By using this interface, designers can operate our system totally as if it was extension of their hands.
CONCLUSION
This paper presents a geometric visualization technique which superimposing the Gaussian Curvature of the target object surface onto the object in real space. The visualization on the target surface by projector provides the user easily understanding to the geometric features intuitively. The proposing system has real-time interactivity on the change of the target shape thanks to the high-speed TOF camera. By projecting computer-synthesized images on the real objects, user's change of eye/view points is smooth and easy, and also multiple users can operate simultaneously. These features the major pluses for the industrial design work. Using multi TOF camera or adding a specially designed user interface is also a future work.
